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purpose The effect on spneidence of decompression sickness of levelling off

~——— % moderate altitudes for & period before ascending to 35,000 feet
wes investigated for the purpese of providing information on the
following questions:

(1) poes "silent bubble" formztion in the body seriously |
jnterferc with denitrogenation, and if so, at what altitudes?

(2) would flight at moderate altitudes in the early portion
of o mission provide significant protcction egainst decompression
sickness during high altibude exposure later in the trip?

gcope Thirty-throe men in & total of 360 mon-runs were given ome-hour
flights at 10,000 foot, 20,000 fect or 27,500 feet prior to rapid
ascont to 35,000 foct und the jneidencc of decompression sicknéss
ye.s comparod with controls, on the samo men. The oxXygen supply in
liters (¥.T.P.) per minutc was 4,2, 2.6 and 3.5 ot 10,000 feet,
20,000 foct and 27,500 foet respectively. Alveolar nitrogen tension
was greatost at 10,000 feot and least at 27,500 feet.

conclusions 1. The man-runs with moderate or severe symptoms of decom-

—-~"Tprossion sickness wore reducéd from 457 in controls to 20% and 12%
by levolling off for an hour at 20,000 fcot &nd 10,000 feet respec-
tively prior to ascent to 35,000 foct, and from 40% in controls to
287 by levelling off for an hour at 27,500 fect prior to ascont to
35,000 feet, ‘

2. Tt is ecncluded thet whilc considersolo protection against
dccomprossion sielness is provided oy stcpwise ascent, “silont
bubblch formetion at 27,500 feoct, sud nrovably &t 20,000 foet,
rcduces this protecetion

neccamondations 1. The protection aguinst dcecompression sicknoss, provided

By T1Tght ot symptom-froe altitudes, and the offect of “"silent bubble®




) e -2 .
formation in dgercesing this protcetion, should be coensidered in
plarning high opcrational flights.
2. It is rocomend._(}dﬁchut' 'mrthur worlz.bo done..on the protoctive
offect of short periods of donitrogenction imacdiately prior to
ascont, :

< M . .

Initial Distribution, .

sur

DM.S, (Air) M.A.4 - 80 copies’ - T .7
: : k. Aut
:;‘;':2 CQI .Uo . e hd . 3' boPiGS' : ' ! . . ' e * s -A-E—




1= Fobruary 5, 1943.

REPORT

for

i Associate cbmmitfoe on Aviution Mudical Rescarch
 National RoBeoarch Council, Conada.

fram

L2 clinicél 1nv$stigﬂticn Unit, 2 I,7.5., R.C.&.F., Regind.

[PYCSRTe

subjéct The Effcct of Stepwisce fLscent on the Ircidence of Decompression
Sickness. . .

Author A M, FPrasor, Sguadron Leader.
<+ .

. IRITODICTION

Flight ot moderate eltitudes (or pre:sure) for considerable
puriods, prior to ascent (or dccompression) to high altitudes may occur
wnder two conditions. , - ‘ :

1. The prospcctive uso of pressurized cobins in aireraft and -the
associsted danger cf puncture of those introduces a situation
where the earlicr part of thc flight may be made at a moderate
pressure prior to rapid dccompression to the low pressuré of high
altitude if puncturc occurs.

2, In 1ong:fangc bombing flights, frchdﬁ from exposurblio enemy
action during the ocarlier portion of the trip may peramit. lower
flying than taot required in tho lattor part of the mission.

In view of those probable oporational conditions, an investigation
into the effect of these on the incidercc of decompression sickness appecared
warrantod. ' ' ' '

Several factors might be.oxpectsd o affoct the incidence of decom=
pression siclmess under the conditious described above.

1. The slight reduction in atmospheric pressure. during the early
part of tho flight mightin itsclf, by denitrogumation, docrease the incidenco
of docomprossion.sickness on subsoquernt ascont to higher altitude.

2. If oxygen werc usod during this carlicr part of tho flight
the denitrczenation procoss would vo hustoned.

3. The formation of bubblos in the body at altitudes below that
at which symptoms occur, might bo expected, on theorcticel grounds, to
retard the donitrogenation process -locally. Bubble formation is.possible,
although very improvable, on ascent from sca lovel to 4,000 fest, since
supersaturation of non-equilibrating tissues, with geses. is presont at this
altitude. Sy:ptoms of decompression sickness are rarcly expuricncod below
25,000 foct, althoush Evelyn (1) hes buen able to dotect frec ges in the




e

Joints radiologzically following onc hourts cxposure to eltitudes aos low as
20,000 foct. 1In gencral it appoars unlikoly thet bubbles arc {requcently
formed by exposurcs below 15,000 feot. On this busis any possible cffect
of proviously formed bubulcs on inecidonce of decomprussion sickness followe-
lng cscont to lLigh altitude would be cxpectcd only in flights where level-
ling off occurred cbove 15,000 feet, prior tc ascent to the finmal higher
tltitude. : C : :

4. The rapid docruase in pressurc whish may occur following
puncture of a prossurizod aircraft cabin may influcnce tho incidenes of
decorpression sielmuss. It has been found thet practical varietions in
rates of ascont (15 to 60 minutes from sca level to 35,000 feet) have wery
little offect oxcopt that the onset of syiptoms is worc delayed following
the more rapid ascont (2). However, no systematic work has bcen rcportod,
on the offcet of the rapid docomprossions possible in pressurc cabin puncturo,
upon tho incidenco of decompression siclncss. o

JEvelyn (1) states that lowelling off for o hours ot 20,000 fuot
docs not prevont. symptoms on subscgucnt cscent to 30,000 feot, similarly he
roports that lovolling off at 30,000 feot for four hours dous not prewent.
symptoms on subscquert zscomt to 35,000 fock. It appoors possible, that
at thoso altitudes (20,000 foct cnd 30,000 fout) Wsilent bubble! forastion
may huve interfurcd witi: denitrogenction., The oxygon flows cmployed at
20,000 fcot and 30,000 fuet ~crc uot statcd. In this cormcétion it rust
be notod that Evelynrs vork was carriud out at 900 feot cbove sec level
whoreas ##2 Clinical Invostigotion Unit is 1900 feot cbove soa -levol.

The presont jinvostigution, bucavsc of the rapid ascont employed,
simulates conditions in a slowly lealting pressurized aircraft, although the
rcsults arc also bolicved to be epplicablo to high flights which arc prc=-
cedod by_ybriods at & lower altitude, as doscribed ebovo,

In this investication the c¢ffcct of lovelling off at 10,000 fect
and 20,000 fect was first studied cnd comparcd with a sct of control flights.
Bocausc of the rosults obtaincd the investigation wes cxtended to includo
a study of tho cffoct of lovelling off at 27,500 fect by comparison with
‘another sot of controls.

: Thirty-thrce mon wore uscd as subjects in this study. Thoy were
sclocted for tieir high susceptibility to dccompression sickmess from 275
prospective airerow. Threc hundrod cnd six y moun-runs, including controls,
were mede during the sories.

In control runs the standdard rato of azscent was employed, followoed -
by a two-hour stay at 35,000 fect. . In the .cxporinental runs ascent was medo
at the standard rato up to cither 10,000 fect, 20,000 fest or 27,500 fecet,
which altitude vas maintaincd constant for an hour. Pollowing this, ascent
to 35,000 foet was mode ot maximal rate, this altitude being maintained for.
two hours. The stondard rate of ascont, ©s uscd in this and most Canazdian .
work, is 2,000 feet ner minute to 20,000 feet; 1,000 fuet per minute from
20,000 to 30,000 fuct, and 500 feet per mimuite above 30,0C0 feet, The -timcs
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required for ascent to 35,000 fest followin;, ti:e c<ns hour stay at 10,000
faet, 20,000 feet and 27,500 feet wore 3y mimites, 2 minutes and 1 minute
resPoctlvely.

The R, c,_. . oxygen aS°equv (ruserv01r t"wc) aa3. used throughout -
the runs, excopt for a few of the first flights in which the oronasel Boothby
nask was used, due to unavailability of the rormer. During the one~hour
stey at 10,000 feet, 20,000 feet end 27,500 feet thc oxygzen flows supplied
per minute werc 4,2 llters (1. T.P. )s Z.b liters (i, ToI' ) and” v5 liters
(i1 TP, ) respectlvely, while at 35,000 foet the flow used was 4.5 liters
(N.7.P.) per ninute, The hizh oxygen flow durinz the stays at 10,000 Teet
was designed to reduce the alveolar nitrojon teusion to approximately that ,
present during the flights at 20,000 feet, thus ninimizing the variation !
in rates of denitrogemation and limiting the variables between the two @
types of runs to thet of altitude. It was believed that the oxygen supply ?
at 27,500 feet would lower the nitrogen teunsion fyrther than thet at 10,000
feet or 20,000 feet. Subsequent to the series of flights actual elveolar
nitrogen determinations, using those oxygoen flows, were made on several mon
at each of the throe sltituies and zave: results sanewhat different than -
expected, The alveolar nitrogen ten51ons found in a very co=operative g -
subject of everage size werec 205 mie e, 114 itle HZe, and 81 mme Hge, at g
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10,000 feet, 20,000 feet and 27,500 fect respectively. These values arc :
probably not at 2ll representative of the absolute nitrogen tensions which
actually occurred during the flights in the 35 mene Such values must
necossarily vary with tihe depth end rete of respiration, with each mask, ;
each Heidbrink orifice and with tho desrec of co=oporation of the subjects

It is believed however that the valucs above do indicate the rolative #
alveolar nitrogen tonsions which occurred at these altitudes and give a very
epproxinate estimate of the absolute tonsions which were present during |
the flights, ]

The incidence of decomnrossion sicknoss at 55,000 feet, following
one hour stays st 10,000 feet and at 20,000 fect were compared with the
seme set of controls and with each otheor. This was made possible by carry=
ing out the throe types of runs in rotation. These were done in a total
of 187 man-runs on 22 of the ncn, and during most of the work tho runs
were made deily, so that a control, & 10,000 foct stepwise ascent run, and
a 20,000 feet stopwise ascent run worc cach carried out every third day,
In a few cases the runs were madc at two day intervals, other types of
runs being taken in the intervening days; the rotation described above was
maintained, however, This rotation was aclicred to in order to insure a
more reliablc comparison emongst the thrce types of runs, by avoiding errors
due to acclimatization, or to natural chenges in resistanco. (Soce ippendix
B for actunl dates of the rums), ' i

The flights which included & one=hour svay a* 27,5800 feet, werc
carried out later than those at 10,000 fect and 20,000 fect, and were made
along with & separate set of cautrolsy This nreup of runs was carried out
on 22 of the men during two poeriods of 7 anl 10 conseccutive days, in a total
of 173 maneruns. Controls were made cn the Tirst, fourth, seventh and tenth
days, (See Appendix C for actual dates).

The men rocorded their owvm syvmptoms in the chomber, Thesc were
reported as mild, noderate ond severc and scored according to the technique
deseribed in pppendix A, a technigue which has beon adopted tenbatively by
this Unito
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evle I shows that the av.rape symptom scores following the
i one~hour stoys ot 10,000 and 20,000 Ifuct nre roduced to 267 und 379 res-

i poctively of the average control scorc. Tt i1l be scen ’chf;.t these percen-
tagus arc in approximatuly the smue ratio as tho purccntg =¢ af runs with
symptons of modurtto or sovere dogrue which was roduccd from 46% in controls
to 207 tnd 127 in the 20,000 fuct amd 10,000 fuut £lighta respuctively.
Amongst the cwerage control scores thorc zre nine values -over 300, whorcas

: tku,re is. enl'r onc in the 20 s000 fout f£li:hts, cnd nonc in the 10,000 fect

& runs.

Tablc, II shows tho owpurison bb‘l-vaun the scores of con trol runs
and thoso. following one~hour stoys ot 27,500 fuut. Tt will be s.en that
the s;mptoin scorc. in tho 27,500 fuct fhghtu is ruduccud to 739 of that of
tho controls : Ago.in -thoso purecntazos are im cpproximipely the same ratio
a8 .the pg.rccntugu of runs with syaptons of modorstc or sewere degruo, which
was reduccd from 40% in controls to 28% in tho 27,500 feot flights.

2. - : . . RN
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] _g.f;i"“ec‘ts .of 'Qne-'{fd{fi: .s“d'a}s .ath0,000‘ Feot;and 10,000 roet on Symptom Score i
o ==F’a:».gx?tﬂz"o].s-2 Egﬁfs Ohe Houirfat 20.:66‘0‘};&’.‘ " One Houf;'.a.\.t 10,000 Ft.n
at 35,000 rect I Two mours at 35,000 Ft.# Two Hours at 35,000 Ft.
Numbor | Average @ Huubor Averoze Number - Average
Ssubject!{ of Symptom -of Sympton * f  of '} Symptom
Number Flights_ﬁﬁScore FPiizhts .| .Score { . Flights- _Score
Ll 2| 20 2 S SO SN WY
w7 305 2 05T A
N L 3 52T 2 1. 0 ,
Z 2 N 0.7 - NN ¢
T8 Z 43 2T TR0 S R T i
6 2 | a4 z T A N f
7 5 41 5 AT - S
8 3 852 §. 3 4 0 -t 3 66 |
T S O N N e B
; 10 5 354 3 SO LERS SN N |
11 3 614 2 31 .3 _ 1257 i’
12 4 i -.3-78 ! 3 ‘_3.92 , 3 23 g
13 4 562 3 a0 1 s 280
1 | 4 426 D DT - i
15 3 85 3 0 8 25 ] il
16 4 167 3 131 3 0 ;
17 4 6 3 49 3 0 1
18 5 | 28 ¥ 3 27 T3 0 i
Y 4 190 & 3 T T 0 l
20 4 217 3 184 3 86 ik
21 ¢ | o0 -3 - 46 - 3 238 1'
8 22 4 281§ 3 14 3. | 171 il
- #:gzm-.—tmx:--z Srrmsscsmodmrresseerir e S | ﬁ ;
. TOTALS 69 5766 59 2139 59 1507 i
3 ave rege T ——— : B . T | Et ;.
4 |_Score : 262 97 : . 68 t“r'
B 7 of contror N ‘ " _ F
score 100 37 _ 26 g
_seore _ R SR ! gﬂ
No Symptams 357 584 . 71%
uns 7ith ¥ild - T T T T
ymptoms Only, 209 227 . _ 174
Runs With Moderate R |
pr Severo Symptoms 457 . _ 207 i 127 i
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TABLE i1
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s at

27,500 #cet on s**nptom Scores

T (Gontrotsy T I o T = 2,,500 Fout,
Two Hours ot 45,000 reot i SUTourg b 35,000 peet
. Nmnbcr t\..'v?, ra rrc ‘r“ E?E,:b:ﬁ-“ B Average . N
Subjeet | of - | gymptom *g L of 1 Symptam
Nunbor F.l.?:i‘:‘?.tf. | Scors !i““ E‘.l.];"'lﬁsu‘ il gcore
] _12 S 230 A Q
13 3 308 4 ’ 560
lm‘fﬁ-Q-“ﬁ.—S& T 0 - 0. o
15 3 T
i 16 3 173 T 0
17 3 o & T 7% 0
18 3 193 4 81
RECI I I SN N
20 3 12§ a7 i 0
5T 3 E— ...!,.- B S
72273 TTE23 YT 2
23 4 3¢ & T 6 20
N 4 s 6 187
25 4 | 108 Ty T 38
26 3 754 5 321 —
27 s | a7 6 689
28 ] 4 416  § T 6 %29
. 29 4 824 ﬁ . 6 991
b H - ——e
- 30" 4 13 i 6 - 3
51 4 297 1 B 149
3% 2 168 ﬂ"‘" 4 334
33 3 R S 385 .
{Totals™ - 73 5193 ;l . 100 3812
Average
Score 236 173
Percent of -
control Score - 1004 73%
Puns With T T
No Symptams 469 627 -
F-Runs With Only T .
| 'Mild _Symptoms 14y .97 »
[ Runs With Moderate R o B R
| or Severe- Symptams 40% SRR “287 '--.....;...‘;1.
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Either or both the factors of denitrogénation and rete of. ascent
must be responsible for the difference Letween the control scores and those
following preliminary stays 2t 10,000 feet. Rapid rate of ascent is generally
regarded as likely to increase symptoms of decompression sickness. Although
variations in practical rates of ascent (15, to .60 minutes to 35,000 .feet) -

_result in no changes in incidence (2), a systematic.study of the effect of
the repid ascents used in this investization hins not been mede, to the .
writer's knowledge. It is assumed tentatively thot the marked reduction.
in symptoms following rapid ascent to 33,000 feet, subsequent to the owé-
hour steyc at 10,000 feet, is due to denitrogzenation. The definite, al-
though somewhet less marked, reductiox in symptoms. following the one-hour
stays at 20,000 feet is likewisc acsumed to be due to the same cause. . -
flthough it is likely that gzemeral denitrogenation, at 20,000 feet was greater
than at 10,000 feet (sce methods;, symptoms werc morg frequent following
flisht at the former sltitude. It is possible, thet this difference in in-
cidencé, which is of doubtful significance, is produced by .bubble formation
during the stay at 20,000 feet. . Such bubble farmetion besides interfering

with local denitrogenation [as described in tle introduction) may permit
earlier onset of symptams (2), and taus increase incidonce as observed dur-
ing & two-hour pcriod. Agein if rapid ascent, per \se, decroases incidence,
then this effect would be grecter in the 10,000 feet runs.

. The reduction in symptoms in the flights at 27,500 feet was small
and mach less than that following. the stays at 10,000 feet and 20,000 foot.
Sinecc the alveolar nitrogen tunsion es lowest in the 27,500 feet flights,
it must boe concluded that the hizh average symptom score in these flights
as conparcd to that in the 10,000 feet and 20,000 feot flights was caused
by bubblc formation and thus, intorfercnce with donitrogenation.

Although the diffcrence between the reduction of symptoms in the
10,000 feet and 20,000 feet flights is slight, it assumes more importanco
when considcred in conjunction with the fact that the alveolar nitrogon ten-
sions werc. groater in the 15,000 feet flights. 1In other ‘words 1t appears,
likely that bubble formation at 20,000 feot has definitely intorfered with
denitrogenation. | : : : :

7

' mhese rosults appesr to be of significenes in pressurized cebin .
flight. They show that comsiderable protectidn'againét decompression sick-
ness at 35,000 feet is provided by provious flight for one hour at 20,000
feot with stondard oxygen supply. This protection is somswhat greater if
the provious flight is madc at 10,000 feot with considerable artificial
oxygen supply and is much less if mzde ot 27,500 feet with very high oxXygen
supply. Therefore, in order to minimize the chaneos of decorpression sick-
ness following pressurc cabin puneturc, tho cabia should bc pressurized to
at lcast 20,000 fect and to & lowecr altitude if increased oxygen can wo
supplied. The interferencc of bubvle formation with denitrogenation is thus
apparcntly avoided.

The results mey do of groator intercst in connection with long
bombing flights in which it is possible to fly at a moderate altitude some
considerable pcriod prior to ascont to high altitudo. ¢ircuristenccs such
as tho prosence of a strong fighter cscort, abscneco of onti~-aircraft fire,

P N,




.( s

-ga

or flight over eontrolled wotors mﬁéﬁﬁfpofmit this procodurc. The only
cogdgtionqipqtgis“;nvgstiggtggnﬂnog applicable to this situation is the

rapid rote orngsaen;fc@pioyoa;jgztfis bulivved, howevor, that this is of

., mi%or imjortefice.

L Thojfdsﬁltsfiﬁ‘gcgbfgi,,omphgsizc_phe valuc of short périods of
denitrosonation in providing protdction from dvcompression sickness. Since
onc hour at 10,000f§6éﬁ.ﬁith considorable nitrogen tension reduccd the symp-
tam scoro to 267 of that of controls it is rcasonable to conclude .that 1007
oxygen at thiis altitude or .at. ground luvel mizht providc even better prophy-
laxis, . . 7 . T e | '

1t ‘'should be emphasizod that the 33 mon used in this study were
chosen for their iigh suscoptibility from cbout 275 circrew trainces. The
protection provided by such denitrogenation at 20,000 feet applicd to men
who develop symptoms.only occasionally, might be quite complete, sinco it _
is bclieved thesc men denitrogennte faster  For cxamplc, the procedure would
be expected to give complete protuetion to men who arc .at present being
selected in the R.CA 7, For their high rusistance to'dccqmpression.sickngss.

The reduction in symptom scors following the one-hour stays éﬁ
10,000 feet, viz. to 267 of that of controls, is similar to that obtained
by Gibson and Manning (3) and gibson (4) vho obtainud reductions to 217 and
28% respoetively of that of controls in their proceduro, applying the same
scoring technique. The proccdure omployed by thusc workurs was the inhalation
of approximetely pure oxygen for 8 hours followed by 5 hours cxposure to air
prior to ascont to 35,000 fcct, ' '

SUEMARY AND CONCLUSI oNs

1. Thirty-thrce men in e totel of 360 man-runs were given one-hour
flights at 10,000, 20,000 or 27,500 feet prior to rapid ascent to 35,000
feet and the incidence of decompression sickness was compared with that of
controls. fThe oxygen supply in litors (¥.P.F.) per minute was 4.2, 2.6,
3.5 and 4.5 at 10,000, 20,000, 27,500 and 35,000 foct respectively.

2. The incidonece of dccompression sickness as reprcéchfed by‘an aver-
age symptom score was reduced to 267, 374 and 73% of that of controls, by
levelling off for an hour at 10,000 feet, 20,000 fust and 27,500 feet res-

pectively, prior to ascent to 35,000 fect. the man-runs vrith moderate or

4




guvere sy-pbons ore reduced Irom 4 in cousrols te 200 and 124 followving
The flights ot 20 CO00 wnd l0,0-\' fout reunvetively, nd .Lrom 40¢] in con-
trols to 287 following flights et 27,300 Iuut.

3. It is bolioved that the grooter roduciion in syrptoms fellowing
the 10,000 and 20 000 fuct stupwisc wscents =s complrud with that followring
the 27,500 foct ascints is due to returdntion ol denitrogunation uy tho
ferastion o »;u.bblc:.., at the lattor cléitude. Becuwuse of the slizhtly highor
svapton scors in the 20,000 fuet flishts as compered with the 10,000 fuet
.».1::_.311«,5, in spite of 2 hihor alvoolar nitrogen tunsion ot the laottor alti-
tude, it rould oppons ihat thore is slse some inmberfurcince sirith ""mtrogon—

ation by oic formation at 20,000 foct,

v with min omyIun A n;nistrc.tlovl

il r Y
deitrogoenation at en altitude somo-~

would thuroelfore s p
what 1luss ‘thm‘- FAGPY

4

-

5. nacomi _:i.ozz of the officicney of donitrogonation during Llights:
end tho offcct of ¢ bubble? Termetion In dc.cru,.-_'n»,: it, appears wor-

renved under thoe fclloving opcrationsl conditions.

. .

(a) "1 ch altitude flight procoded byr periods of flight at low or

nodercte. altitudo.
1 (b) Eigh altitude fliht in pressurizod cohin cireradt.
6. Theose results suggzest that the prophylactie value of short periods
of donitrogenntion, immoediately prior to ascert, warrants considerution.
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TIE SCCRING OF STVERITY OF DECCPRISSTION °IC 35,

Introduction e . : o

1t i5 reclizod Shat o s»sbon of scering the scvority of decam-
pression sichnoss niay be useful for investigntive work-anl wet be unreliaule
2 the cotosorizetion of wwn for cpuritionzl dutivs. In suc"z ‘woPlz- o8 the
valustion of the offiet of = druy or cther fector on decoupression sicknoss,

it is fult that the sjapton score should be reluted, o.s ‘closcly as possible,
tre eticlosy, rut\.vd. than to the dopree of dunger which thet symptoa nay
produce in opors S, for mar“lv 122 tiis comnwetion there would appcar
to be potuntinl ""1 ;¢ i thoe sugoustion thot symptoms be seorod in dircet
srovertion to the dopgroe of duseunt rucoessery to rc" iovu tha. n-vx.uvcr,

2

the application of tnls weuld roquirs further luvestipnticn.

O

~

mhe following fwetors are rucogrizoed and wweightods (l\ Sevority
of symptoms; (2) Tine of cusut, and dur“t.d--" of symptoms; (3) Leuteness of
onsct of mederetce or-suvere sy*mptom.,. o

Mmultiplicity of symptons is not seored Luenusc it would 2dd to the
coplexity, and probebly inercasc thu zecurncey of thoe score very littlo.

The seorc-of the sovoronk ,sz.d of sympuos ', is rocogrized and scorod
in tho casc of -wltiple syaptans., Mo significabice is- obtached to locavion

s

of s3 ’.'*:pto- as3 this foctor would bu important in scor sz fer oporaticnel dutics.

svv\.rl y oF' ety Lons

-~ en

o+, pugrec-Bf suverity of symptons is recorded in tho ususl way. &
mild s:fi'lpbo.‘s‘."' Duing onw .ot mtur‘\,rl:u*'w.tu fanetion; o mogerate, onc -
which intorforus with fanchion, but -is tolorable; wnd a scvere sympbom, onc
wnich is intolerable. 11 ‘L JBus r:;-:"sy"mtom arc roccerded inm tuis way. I

]
2 synpten is accoupaiicd by s vsw Ao cffects it is.scored &8s a suverc symp-
ten, but no more, since probs_bly 1108t suvore y::*pto‘.x.,, if pors dtted to pro-
gross, would result 'in suoh @ conditiony "It is suggestod: that the score
of nild, nmodurate and Sowirs sympboas bo woishted i the ratio of 1:3:5.
It is judged that this rutien Poprescits v'mroxlﬁate.ly the rolative signifi-
cance of tho 3 degroes of gymptoms. IYo distinction-is nade botweo: medorato
pein roguiring aesc‘"’t and r‘odoratb D&l:' .ot roquiring doscont. -If deseont
is reccogsary thon cithes the pain is inteloreble, or uV‘"bGl.l‘Lc symptoms arc
presort, and thercefory in both ecsas the simpton sh ould bo rvc,or' cd and
scorcd s suvoro. ;11 tipes of syaptons zre seorcd in the swie way.

Tt is cunhﬂ.e"‘zod th“' """lp'tc 15 0:2ly  and wot signs arc recorded
in this systom. Pt is, énly the oifsebs of Jeccumprossion which cause
acute discemfort or disability sre includcd. . rash, which is & sign in the
strict semsc, would be neg luctod in the schunie. Evin though such a sigy
uay be considired an undeu;rablc ‘.b.hnuvt' bion, it oceurs sc rarcly that
it would add 1little to the wvalue of secorim; i investigative work.

mine of Onset and Duration of sv..1 ton

- oo ama- ...-o-.~- ‘ . ‘ c ea

The syipbon acors is ositiatud os buing dibcetly p roportim_:'.l to

v




the tine vhich it
onsut and duration,
for scoring. In othur

in ecne hour,-he is
sovorc until th \C 2
twe hcurs; tho : of soverit. & s

cenbinue wntil the end of the hird hour, oud so om.
adostion €% this threc-numr Soricd is-as follows.

.

It has boon found: that practieall;r all syumtoms begin during
fiae first throe nours of an s nadiclosical studics by Evelyr. of
free gas in the joints-alsc show that the buliles roashed o maxinal size

in about three hours, On thooreticnl orounds Soo, Boazett ¢t al, howe or-
rived ot tho comclusicn that if o subj.eh wsecpus symptous for throc acurs

at 35,000 feet, hoe has beon able to denitrogunate to e nitrogun teusicn
lower thar that which they calenlatu is nscessury te preduce symptons.

This nuthed of scorin 118 on. tne busis of ting, from ensct
to tho ond of a totul cxposuvre chree nours may be eriticizod buctusc
this sdoptud pericd is partly thoorctical, ond way vary c~~"1~yrsulj with
*nLlVIG“alS. fore would anpuar, Lovewver, to bu groaber hodvctWH“v to the

; ot
usc of an alturmtive ncthod of basing: the seo lb o1 the time
ing of the uxpesure, to ousct of lYIVugbCL:"b cof the lonmgth of
the cxposvre. Ioy o long cxrosurc of hours, for ouxemple, & resistont mon
would reevive four timos ws groat oo sesrs as onw who coenpleted o threo-
hour exposurc, by the loatter nptnku, aitheush thoy :

s
the SIVERN ¢ &d

v
tanee; frooden fran synmptoms during thoe lattor port of o long oxposurs is
of 1ittle siguificorcce b.ocousc of the roasons sbtoted above.  Lwain the
atter JutACd wewld not provide for the .o of regremeisn of symptons.
Finelly it would not be possible to woight 'the scorc of an irdividucl dovele
- cping symptous suddculv ncnr'thd busiining of an uufcsu . (See bolow.)

“houtencss of (nset cf syn“tou

. It is agrevd thut the svuion :nsct of ,modur;tc or suverc 4oired

. of symptom justifies uxtre weiphting. It -is recliscd thot in oporations

the suddcn,OHSQt of suwere pain ney be many tinos oore. important than that
of a pain with a graducal onsut, ocecausc of *hx Jinciriescd danger of loss of
cortrol of the craft-or of vulioraeldity to.omeny cebion  reighting of this
quality for investigative werk is belitved tc be dess important. Kcoping in
nind the cause of the sympton, it is s s thot acu tc:uss of' omsct o
reccosnized by assuming that all sevike s 5 P by one~half
hour of nodertto degrec cad onc-~hell Lvu' of nllu QU SIsT ci uympuons simi-
larly it would bu cssumed that cll moderato sy.pbons -rq.prpcodud by oxn
half hour of mild sywmtoms., I -sevirc h.u~~odcratu syuptons arc, hovever,

" proccded by mildor dogroce of syippboms Lopo waough oo make th 16 smaptat
score "greator thai: vt obtained ushing fo woove asswiptions rogarding ouset,

r,_;

thou thut jsreator score would te addpted. ! Te.sc porieds were choson uwcluse
oxporisneo has shown thot they ars reasouable pariods in vhich sueh incrocsss
in sevority moy toln place, sud cro usel ovon thou o sovere sywton 16

-

pres.zt s scon s the waxinel syarton Gds . : oS
wh Shend renppoars cadl ke s ,;u-~;-""-w“V TS UL P 0T LonDIness
‘og ousct ofiThe lubior aymptom is pdygendontly of the fomier

ystan, lthough tho score of form included in thz btotal
score.



4.'1."3

ccloulation cf Scoro

The 53 yiptan seorc is ealeuls Ltvd as thoe product of the svoverity o
weighting (1, 3 or 5) and the dury.ti n of the syaptous in minutes. If
noderatc or scvere symptons hive o s:iicnj phtcTel tt.!-' follewring scgres orc
cdded (sce lost suetion). : ‘ '

sudden sovore symptoms . ~(50 = 1) + (30 3) = 120

*

Sudden noderate synptons (30 x1) =« 30 |

“hon totul synpton sccr»s vufore ti..‘u of onsct of scvoerc or noder-
ate degrocs of symptoms arc less than 120 a:d 30 ruspoctively, then thoso ' :
syt .ptms arc focognized as heving o suddon crscf and theso quuntit:.os aro i
addud os acseribed chove. If, howewer, tlhiv provious sceres are groctur then
thesc quantitics, then thuse actual larger scorcs are used. : "

3

.
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The illustrations below cemcnstratc

A4

: the socoring method sugrested.

(i) ¥ild symptom beginning at 100 mins,

1

iloderate u ml20 v

s@VG:

€9

n "

Sovere " 140

Sepcrete scores are 1 x 20, 3 x 20 and

40 x 5 » 20, 60, and 200, 20 & 60 = 80

Since this is less than 120, the onset
i1s sudden ond 120 4s addpd_to 200,

fotal score = 200 ¢ 120 = 320.

(b) Moderate symptom 2t 80 minutes.

" 120

Seperate scores are (60 x 3) ¢ 30 (sudden onse
4 (60 x 1),

Total score = 180 ¢ 30 ¢ 60 = 270

(c) uild symptom beginning at O minutes.

¥oderate " " " 60 "

Severe " K "120 "
Separate scores are 80 x 1, 60 x 3 and
60 x § = 60, 180, and 300,

60 is greeter than 30, and is therefore
<dopted as score for mild stage, 60 + 180
240 which is greater than 120. |

Total score is therelore 240 + 500 w 540.




L=d

(¢) pederste symptoms beginning at 60 mins,

QCTEre " ” i 120 W

% 4 gepcrote scores = (60 x 3) & 30 {sudden onset)
‘ 4 (60 x 5).
e = 210 4 300.
J .
210 is sre:ter than 120, thersfors final
7
"""""E’o““”"‘i’a{)"""“'iéo score = 210 + 300 = 510.
puration symptom
B .
(o) Mild symptons toginning at 10 minutes.
5 i -
E B :_ ¥o symptoas et 20 minutes.
“ / S |
! vl / geverc synpioms ot 120 minutes.
4 . e '
o ! . //_’_/’g gepurate scorss = 10 x 1, 60 x 5, 120
.i , ,.:/ s (sudden onset weighting)
‘ s
] . V77" rotal seore = 10 +300 +120 « 430,
1 (F PR ..I’/ ,’_.‘% . e tp—
t : ' # - : -
z 'J ' v/ /]
0 T T .
60 120 80

1t would not matter greatly whether the zrea above or below the.
severity tracing were usoed o8 the score. If one area is Xmown, the other
may be doterminod by subtracting the Ynown frou 900. The ares nbovo would
indicate degree of pssistoneu, whorons +ho zrod beléw wonld indiscte degred
of suscopbibility. L discdvoatage in using sho appor creas: 4s that the -
vnlue would be nogotive in rdre easos whon sovere svmptams ocourred at the
beginning of a flight.




E
(Control) One iour at 20,000 Feet || One Hour at 10,000 Feet &
a¥ 35,000 Feot u_lif!m_&.}i.m.!_&,.._b 5,000 Foets
Symptom | A ; Symotoa (Ave Snpto- Averege
__Seore 1 Seorel J—Secore | Score liDate Score Score
. 309 17-9 10 18-9 0
.84 29 150 .80 __121=9 ) O _
485 17=9 | 210 18=9 0
126 | 305 1120-9 0 105 li21-9! o0 0
145 17=9.| 105 189 0
Q 72_1120-9 0 52 1i21=9 Q. 0 __
50 17-9 0 18-9] o '
0 25 1120-9 0 0 =9 0 0
0 20=9 7 ij18-9| 80
85__ M9 |35 1180 (294 0 40
Il 6 | 289 49 - Ha9-9 0 30-9| © 0
q 11-10 0 24 {l2=10 1 &4 | 42
B 7 |29 | 123 29-9 0 307! o0 |
|8 -|1-10 0 0l j2-20 0 carn [13<10 0
4=10 o 1 4 ll5-10 0 0 ,i_s-lo 0 9
26-9 645 29=9 0 1309 | 75
1-10 | 975 2-10 0 13210 | 122
4=10 | 875 832 |15-10 0 0o_ }i6=10: O €6
28-9 | 530 29-9 0 ' 30-9{ 0
1-10 432 2-10 0 13-10 0
4=10 Q. 321 fl5-10 | 750 . 250 =101 0 0.
25-9 465 29-9 0 30-9] 70
1-10 153 2-10 | 381 3-10 | 130
4=10 385 334 1i5=-10 | 148 176 6=10 | 40§ 202
126=9 | 955 299 | 63 | 130-9 | O
2-10 0 3 3-10 | 770 257
614 . £=10 0
6-11 720 =11 | 294 | {10-111 69
1211 | 312 8-11| 282 192 {2011 O 23
16=11 86 378 | R3-11 0 24-11 0
23 |
511 885 =11 | 7o g8e11 0
11-11 | 470 7-11| 610 440 19-11] O 280
16-11 0 562 3=11 o} 24=11] 840 :




AFFENDIX B (i) f

(control) p onc Hour at 20,000 mectfl ono Hour at 10,000 Foct
‘ *  Two Hours at 35,000 pect Two TTours et 35000 P ot}i Tvo Hours ot 35000 reot
] 'subjoct Syxfp'%?m“] n'r'u"x"e.’gfé 7 lsyupton |Averago || | Symptom| Average
aobor, | Dobe | score | Seore i Dato | score | Score Y| putoe | seore | Sscore
BTN T/ % B Mt e vy o AT
12/11 0 /1) o 19/111 o©
16/11 30 #o23/11y o 2¢/111 O 1 !
_|21/11 | 1020 426 ;
15 | 6/ 258 ] B 725 S A 10/i1| ©
12/11 0 Tl o 2011 ©
22/11 0o ! 85 23/111 O 0 24/111 170 23
13 6/11 | 685 Y5 10/11 1 ~220
' 12/11 | &9 18/111 © 131 20/11|1 © 90
16/11 0 q 23«1% o
S 0 705 N T 32O W -1 AN MU U AU | NS S
Y s”;n 0] AL e T SAT] TG,
11/11 24 17/111 0 19/11| ©
16/11 0 53,117 146 29 - fl2a/m} o o
fos = ave # 2-1/11 O + - 6 .o ‘ R PRpe- — o
1§ | 6/11 | &9 g1y O - 16/11] ©
16/11 0 /A1, 0 26/11| ©
22/11 o I 29 23/111 81 27 24/111 © 0
s vt e + IV SRR S [SPS FPRrAR I, - e o .-
6/11 | 590 8/111 0 10/i11 "0 -
12/11 65 18/11j © 20/11 0 :
16/11 ;.. 0 190 2511 0. _ 1 .0 .. j2:111 O 9
20 | 5/11 |- 84 9/11 @it 7/11| 257
11/11 | 354 17/111 102 19/11| ©
¥ 16/11 30 | 23/111 9 184 2411 o .86
: 2R 21/11 143 | 217 IR s | I g .
e 2115/ 0 /T 158 /11T 715
< 11/11 0 17/11y 0 19/11{ ©
H 16/11 o ! 25/11; O 46 2¢/11] O | 238
| _dayai o | o N | SRS EUR A
- 22 5/11 0 i T/11] 102 911 405
E : 11/11 570 ! 17/11] 300 | 19/11| 90
4 16/11 25/11 l 30 144 24/11| 20 171
lz1a1 | 356 __l_m%__k S X1 ]
To?;a'l Avoregd Sooros T eIZ9 1507
“Average gScore i TR e8|
| _L__flof control Score 10% . 379 : : 6%
YFumber of Men-guns -
 ith No Symptoms 24 34 42
& of Man-Runs
"-'i‘bh No Symptoms 359 . 58¢; el _.ng
X of 3pn-muns Tith !
‘;‘Ind Symptoms ¢ 0_:51_]_.;:’ 3 . 13 10
Han-puns 7itn ‘
1i1d gymptoms Onl 20% 22 17%
b ‘of en-Tuns ‘9?'&.% 3joder- =2 , o 4 ]
to or gevere Symptons 31 u 12 7
% of Mzn-Runs ™ith ilodor- r
Ato or severe syptons 452 || /2 12%




Effect of One Hour Stavs at 27 500 Fee’ on Symptom Score.
‘Ybontrol) '1. One Hour at 27,500 Feet
Two Hours - 5 5‘QQQ_Eggﬂ
: 1 0 _Feat, -L,..m.im.i- )
Subject Symntom | Average |! Symotom | Average
|__Number || Date | Score | Score !: Date | Snore | Score |
' |
29-11! 690 1-12 0
12 3=12 0 2~12 0]
6-12| © 230 || 4-12 0
212 (4 Q
30-11! 20 1-12 T75
13 )-14 0 i 2=12 0
6-12 890 303 4=12 735
5-12 730 560
30-11 o} 1-12 0
14 3=-12 2] 2=12 0
=121 O Q 4=12 9 0
30-11] 135 1-12 368
15 3=12 0 2-12 0
e-121 0 45 3=12 -0 123
30-11] 520 1-12 0
16 3-12 0 2=12 0
6-12 0 173 4=12 0
) { 5-12 ] (4]
30~11 0 1=12 0
17 3~12 0 2=12 0
6'12r 0 -0 2=12 Q Q
-30-11s 323 1=12 0
18 3-12 0 2=12 0
6=12! 255 193 4=12 0
s 5=12 324 81
30-11; 185 1-12 0
19 .3-12 5 2-12 0
6=12 0 63 L=12 0
5-12 | Q| 0
30-11 o | 1-12 0
20 3-12 0 2=12 0
6-12 336 112 4=12 0
. 5-1.2 _______ 0 0




APPEDIL € (5)

oo A A it RS RARS & © 348 S TS W47 TP ) AR

Effect One Hour Stava ab 27;500,FQ§§,QP &IEEMQ% £
. ~ (Comtrol) . Ono Hour at 27,50
2 Tm_-mm 35,000 Feot) -....T!ﬂim# s
Subject [ Sympton | 2verncel, -
_Number | iDate 3 Seoxe 1 _.S&.:s; - Date]
1012 o |: 112
21 3.32] . 0 |- 2-12
6-12|. © o || 412}
L 5212

30-11} - 0 .} | 1-12
22 3=12{ 970 | 2-12 -
| 6-12 0 -y 323 M 4-12y

. : 5=32.1

13-1 136 14-1

16=1 o - 1 15-1

19-1 | 0 17-1

22-1 0 - 34 18-1} o
N S 20~11{- - ;

211t 0 o1 20 |

13-1- 65 | 1wl 8060 -
16-1 88 ' C15-1| - 0.
24 19-1 145 17-1{ 1020

22-1 . o 75 18-1 23
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Effect of ono-mour Stays et 27,500 Fuet on Symptom Soore

A "“'(‘(:T:i‘-l;";‘-‘ol'_)“"‘" TS Four tE 27500 FooT
C oo Howrs -.§ 56,000 rict.pwo Tours at 36,000 pogt| . ]
“§ubjoe ] ymp’E'éi'T&ﬁérEg"‘e {'""""“fk’yﬁf’t‘o‘m“'l‘l‘ﬁ’ri oo B
{ Bumbor _‘Date*_‘_d_.s'oorb gcorec ‘pa,;bo Scoro’ Seorc Co ;
29 [13/1) 7% 1 LA T ’ !
16/1 | 905 15/1] 940 , {.
19/1 1 7685 | Al o],
22/1} 815 | 824 18/ 955 . |
‘ ‘ 20/1 738 .
3 I 21/1 | 915 .1- 59
30 13/1] 20 14/1 o |-
: 16/1 32 ~ 15/1 | 4
19/1 o} 4 17/1 12
22/1 0 13 i 18/1 0
S 20/1 0 w
U S B e 2aa 4 o -8
-8 P 13ATT e 161 o |-
16/1 1  8ss 15/1 0
1941 36 17/1 | 680
2/1f . o 297 18/1 66
SUSUU S o 20/1_“ 0 149
13/171 207 1418
16/1 129 . 188 15/1 153 o
, ' 17;1 433 |- :
; 18/1 293 ' 334
55 | 1841 ] P 1A o T |
o U 18/1 ) 445 - 5/1 § 0 - :
i 22/11 0 ¢ 18 i 17a | eso
S . JU2ra) Bl |-sss
| Total 4vorage Scores G198, 3812 :
Avoruge Score 286 AT, L TTTIE T
% of. Control Scove 106 T T 75% .
# of wan-Runs with ' i :
B A U L | SRS I
% of Man-Runs with T 3 LT '
No Symptoms : ‘ 469, . .
# of Man-muns with ~
_;]E_lg_‘s'mptoms Only - 10 i o N -10 '
% of Men-muns wWith . . . [ Co
uild symptoms only . 14 .o
7 of Man-Runs 7ith Mod~ . N ’
_.cirato or Scverc Symptoms 29 ; P~ 28
% of Man-Puns With Mod- o ’
i | erate or Sewuro SE"“P"E{B_-“_?P}E .!.l- : 287

- .




